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In this oountry very little has been done on the
strength of bolt threads. A. L. King made some experiments
on the tensile strength of screw threads, an account of which
appeared in the American Machinist of August 13th, 1896. His
work was confined to comparison of different types of thread
made by other methods, which was the plan followed out in this
thesis. His results showed that; (1) when subjected to plain
tension the different types of screw threads were stronger
than the plain bars of the same area of cross section by about
fourteen (14) per cent, (3) no very marked difference in the
strength of the different styles of threads appeared; the per-
fectly sharp groove, being slightly stronger than the others
which were grooves of round and flat bottoms, (3) the weakening
effect of the turning of the nut under stress was in the one
inch bolts twenty per cent, and in the one half inch, about
fifteen per cent, (4) in general, it may be said that the turn-
ing of the nut upon the bolt at rupture reduces the strength of
the net section thirty per cent.

The object of this work is to give the comparative
strength of three different kinds of threads, viz: die-cut,
machine-cut, and rolled, using bolts one half, three quarters,
and one inch iIn size for each make of thread. The tests were
to determine the strength of bolt in static tension and the
shearing strength of the thread. All cut threads were U. S.
Standard, and the rolled threads were as nearly like them as

was possible to get them.
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The die and machine cut threads are the commonest
type of thread and, are most used in practice. The die-cut,
since 1t is cheaper, is used where workmanship and cost enter
into consideration, while the machine-cut thread is adapted to
work where accuracy and smoothness are required, regardless of
the cost of production. The rolled threads are made extensively
for track bolts and rough work where the size of the shank does
not make an appreciable difference. The general practice does
not seem to take into account the strength of the rolled thread
but simply the cheapness of the bolt and the adaptability to
rolling the form of bolt required.

FHRAAXIXXTEST PIECES AND TESTING*******x*

The material for the bolts and threads of the die~and
machine-cut type was ordinary soft steel bought in the open
market. The specimens were obtained from different bars and as
a result the E?ﬁégﬂéﬁ were not the same in all cases. The stock,
being cheap, was not uniform in size and it was due principally
to this fact that the threads were not perfect In every case.
The machine-cut threads were made as smooth as possible. No
half-inch lathe cut bolts were tested on account of the difficulty
in cutting so small a bolt in the lathe. The die-out threads
were turned out iIn the thread cutting machine in the shops of
The University of Illinois. The dies were not very sharp but
were as good as would ordinarily be found in practice. The
rolled threads were obtained from the Oliver Steel and lron Co.
of Pittsburg, Pa. The process in the manufacture seems to be

the passing of heated stock between two dies that move iIn opposite

directions and at the same speed, thus causing the stock to
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rotate but not to have translation. The threads are simply
squeezed iInto shape by diagonal thread forming projections on
the dies which works the material so that its strength is increas-
ed. The nuts cannot be rolled in the small sizes.

All of the specimens, except the rolled stock, were
two Ffeet long with each end threaded. One end was tested for
tensile strength, the other for shearing strength of thread.
The rolled stock was about eighteen inches in length with approx-
imately the same number of threads. For the shearing tests the
specimens were set up in a lathe and centred as true as possible.
The threads were then turned off at the root except for about
two whole threads. Calculations showed that under ordinary

TLa ivdLfr iM,tio Jlw-ZZb

stresses for mild steel that, about sixteen hundredths of an inch
was about all that would shear, while in the three quarters inch
eighteen hundredths could be used, and for the one iInch twenty-
one one hundredths of an inch was necessary.

A system of classification of specimens was deemed
necessary and the following was adé%ted- The identification
mark gives the number of the specimen, diameter of the stook,
and the kind of thread; as for instance, 2-5/4-M would mean
specimen number two of the three-quarters inch machine cut thread.
D and R were used for the die and rolled threads respectively.
From the tabulated data it will be notioed that the one half
inch die cut specimens begin with the number 4-1/2-D. This is
because the first three specimens were discarded on account of
the inaccuracy of the root diameter measurements. The anvils of

the micrometer did not fit the V shaped thread. Thereafter an

ordinary clamp caliper was used.
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Nearly all the tests were rade in a Riehle testing
machine, having a oapaoity of 100000 pounds. The tests were
run at slow speed until the yield point was passed and then high -
speed used till rupture occurred. little trouble was encount-
ered with the eighteen inoh rolled specimens. The head of the
machine was so thick that not enough material was left to allow
for attaching the instruments. A head made of two and one quarter
inch slabs of steel was fitted to a 100000 pound Philadelphia
testing machine and this machine used for the tests of short
bolts.

Two extensometers were used to get the extensions.

They were of the wire-wound drum type, reading to ten-thousandths
of an inch. The other instruments used were miorometer calipers

for the shank of the bolt, thread calipers reading accurately

up to one- hundredth of an inch, and some tools such as wrenohes

and hammers for marking test pieces.

It was intended to get the elongation in the thread by
the use of the two extensometers. One was to record the elonga-
tion in the known length of the shank and the other, the elonga-
tion in the part of the thread in tension and a part of the shank.
Then knowing the elongation in inohes per inch from the first
extensometer and the length of the shank above the second extens-
ometer, the elongation in the thread could be calculated by
subtracting the elongation in the shank from the total elongation
as recorded by the second extensometer. This was very good 1in
theory but the length of the thread in tension was so indefinite

results
thatAas much as twenty five per cent too great or too small were

possible since a part of the stress was in the nut as was plainly



evidenoed on examination™

A description of the actual carrying out of a tension
test will not be amiss here. The specimen was placed in the
machine without the instruments and the space inside of which
the recording apparatus was to be placed, was marked roughly with
a piece of chalk. The root and thread diameters were measured
and recorded. The stock or shank extensometer was set up in the
Jjig whioh takes the length of stock of eight inches, and the bolt
damped in. Then the second or thread extensometer was put on
in the middle of the first with an ordinary damp. The test piece
was then set in the machine and the nut turned on. A nickle
steel washer was used between the head of the machine and the nut.
This plate had two small holes drilled to permit passing a small
wire over a lever fastened to the nut, for the operation of the

thread extensometer. The lever and its attachments are shown in

Pig. I. The lower extensometer marked | is the shank extensometer
and the upper marked 11 is the thread extensometer. The length
of shank from No. Il up to the threads was measured and the lower

head of the machine raised. The jaws were placed as high up as
possible because of the threads on the lower end of the test piece.
The bar was then aligned and a light load of about a hundred
pounds put on it. The pointers were placed at zero and the test
was begun, Tfirst by putting on about 1200 pounds, but after that,
readings were taken at equal increments of elongation on the
thread extensometer as far as the elastic limit. Readings of

both extensoraeters and load were obtained, and after every third
reading the strain was relieved when the extensometer release

readings were taken. The iInstruments were taken off after the
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elastic limit had been passed, and the load increased till rupture
occurred.

In the shear tests no iInstruments were used because
there did not seem to be any yield in the specimen, but a sudden
failure. The thread diameter at the root and the length of the
thread iIn shear were measured. The test was made on the end
which had been previously prepared. The nut A, shown iIn Ffigure
I, was turned on till the threads to be sheared were well up
in the nut. The exact position was varied in the different
specimens. The bolt was then placed in the machine. The plate
B acted as a washer and a head as in the tension test. The
specimen was then aligned and the jaws C clamped on. The bolt
was then loaded at slow speed while the poise was carefully adjust-
ed so that any sign of yield could be noticed in the fall of the
beam.

After the tension and shear tests had been pulled off,
the ultimate strength of the bar was found except in the case of
the rolled stook, where the bar ruptured in the tension test.

For these it was necessary to drill a part of the material out of
the thread and then set up the specimen as iIn the other ultimate
tests. The part drilled out was as near the center as could be

obtained with an ordinary center punch and drills.

The data as compiled in Table 1 showf the calculated
results for each specimen, and the averages for each classifica-
tion. The blank spaces in the plate are where no definite values

could be obtained from the curves. With a different selection of

points on the curve this would probably not occur. There was
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some difficulty in getting the ultimate strength of the rolled
threads as has been mentioned before and explained* but iIn the
table the figures give the stress on the whole area of the root
of the thread as oalculated from the reduced part under teste
The results obtained are probably not widely different from what
they would be if fracture had ocourred across the original area.
The calculated results were used in finding the per cent strength
for these threads which, in every oase, was greater than one hun-
dred per cent.

The point of rupture in the machine and die out threads
was about half way between the nut and the shank. This was not
true of the rolled. They broke at the bottom of the drilled out
portion. The rolled specimens were hard to handle in the ultimate
tests on the threads on account of the difficulty of setting them
up straight. In one case there was evidence of a little bending
action. This may have been due partially to the poor bearing
surface of the nut. This fact entered into the results of some
of the other tests and was unavoidable.

The comparative strength of the root and shank of the
thread is shown in Table Il. Reduoing the load on the shank and
on the thread, at the different events, to pounds per square inch
shows that the stress on the smaller area is greater than that
on the larger area of the shank. This seems to be an accepted
fact for static tension tests. The difference in the stress on
the area at the root of the thread and that on the shank iIs great-
est for the rolled threads, the machine cut next, and the die cut

least. From this, it seems that the lathe tool has something of

the effect on the material that rolling has. The table also shows
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that iIn the oase of the rolled bolts the per cent strength 1is
greatest at the ultimate, while for the die-and machine-out, the
yield point shows the greatest per cent strength.

The shear tests brought out some important considerations
in the design of nuts, including lock nuts. There iIs a minimum
allowable thickness which may be sufficient to stand the strain
on the bolt. IFf we assume a factor of safety of five under static

loads, the following formula is derived:-

Thickness of NUL = cemm e e

where T is the allowable stress in pounds on the bolt in tension,
£> the allowable shearing stress iIn pounds per square inch, and
Q the circumference of the root of the thread in inches. The
nut must fit well in each case in order that this may hold good.
Table No, 111 shows the thickness of the nut required to stand the
strain of the threaded portion, except in the case of the rolled
threads, where the threaded portion was stronger than the shank.
The efficiency of a bolt has been taken to mean the
ratio of the load on the thread to the load on the shank of the
bolt at the corresponding events. For instance the efficiency
of a bolt at the yield point would be the ratio of the load on
the thread at yield, determined from the curve, to that of the
shank determined in a similar manner. It is concluded that the
events on the stress-strain curves for the shank and thread are
for the thread alone since the area of that section is smaller
and any failure would appear in the threaded portion first. This

is not exactly true of the rolled threads, but it has been assumed
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that the events on this curve were also true for the threaded
part. The efficiency has been determined for each kind of thread
at the elastic limit, yield point, and ultimate. Plate | gives
the results of these calculations and shows that the relative per
cent strengths of the rolled threads at ultimate, 1is much greater
than the two others. The same is true of the other events. The
efficiency of the one inch rolled was one hundred nineteen (119)
per cent at the ultimate, while the die-and machine -cut were
eighty three (83) and eighty four (84) per cent respectively.
The per cent strength seems to increase with the diameter of the
shank for the die and machine cut threads. This was the case
in all but the machine-cut threads at yield, where it decreased
slightly. In the rolled threads the one inch increased a little
at the ultimate, but, for all other events on the different sizes,
the curves ran about horizontal. These curves from plate 1 show
that the rolled threads are by far stronger than the others, and
that there is no choice as far as strength is concerned between
the die and machine threads. The working of the metal Increases
the strength and this no doubt accounts for the high values in
favor of the rolled threads.

Plates No. I111---XXXI are the load-elongation curves
for each specimen that was tested. Each curve was plotted on a
separate sheet to avoid confusion, and for the reason that the
curves could not be reduced to the same basis since the areas and
the lengths of the threads were not uniform. The latter could not
be accurately determined. The ordinates were load in pounds and

not iIn pounds per square inch, because the ratio of the loads was

wanted at the events, and by plotting the curves as they are the
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load can be read directly. The elongations were plotted as they
were read. The points of release were plotted and show definitely
where permanent set began.

Johnson®s method was used in determining the elastic
limit, in preference to the old way of assuming the elastic limit
at the point where the curve broke away from the tangent. His
method is as follows; take one half of the abscissa of any point
on the straight line below the elastic limit and lay it off to
the right from the ohosen point on the curve. A line drawn through
this point to the iIntersection of the given straight line with the
vertical through 0 determines the position of a second line paral-
lel with the construction line and tangent to the curve. The
point of tangenoy gives the elastio limit. This is shown better
on Plate 11l where AB represents the length from the point to the
ordinate, and BC, one half of this distance laid off to the right.
CO is the line through the origin and this last determined point,
and EF i1s the line parallel to OB tangent to the curve at the point
G,- the elastic limit.

The yield point was taken at the point of inflection on
the curve after the elastic limit had been passed. This is not
a very acourate way to determine this point, but knowing that in
tension tests of soft steel the curve is horizontal at what is
called the yield, this method is considered sufficiently accurate
for these tests. The ultimate was simply the maximum load on the
specimen.

Plate 11 shows the ratio of areas at the root of the
thread and the shank of the bolt for the three kinds of bolts.

The curves show that the ratio for the die-and machine-cut bolts
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are practically the same, but the rolled threads are from nine
hundredths to twelve hundredths nearer unity. The faot that the
rolled thread is not sharp but of rounding section probably ac-
counts for this high ratio. The fact that the curves for the
rolled threads decrease, and the die-and machine-cut 1iIncrease
cannot be taken as of any consequence. The curves if carried
farther would probably become horizontal.
FxAxAxAxEX CONCLUSIONS Fxdxsdrtrx

Prom the results obtained iIn this thesis the following
conclusions are drawn in regard to the kind of thread and their
respective strengths:-

(1) The ratio of the area of cross section at the root of
the thread to the area of the shank is practically a constant for
the rolled threads and increases slightly for the die-and machine-
cut threads as the size of the bolt iIncreases.

(2) The efficiency of the rolled thread in tension is great-
est at the ultimate, and is also greater than the machine or die
cut threads at any event. This efficiency decreases as the size
of the bolt increases. The efficiency of the machine and die cut
threads 1is praotioaily the same, and increases as the size of the
bolt increases.

(3 The die- and machine- cut threads will stand a greater
load in shear on the threads than the specimens of rolled stock
because of the loose fTit of the nuts furnished with this stock.
The rolled bolts are not adapted to the uses that machine bolts
are put to, or to any work where a close fit of the shank is re-
qui red.

(@) A thickness of nut of one half the diameter of the
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stock is all that is necessary to prevent shearing in the nut for
the die-and machine-cut threads while for the rolled threads a

thickness of three-fourths of the stock is required.
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SAMPLE DATA SHEET.

SPECIMEN 3 -1 -
Load Total Elong- At release to
,in elong- ation 500 Ibs.
Ibs. ation in 8 Exten someter
in in. in. of No. 1 No. 11
bar in
in.
1600 .0051 .0008
4100 .0111 .0016
8800 .0154 .0030 .0119 .0004
11200 .0205 .0041
16100 .0255 .0059
20600 .0302 .0075 .0198 .0004
24200 .0391 .0082
24900 .0495 .0082
24900 .0560 .0088 .0440 .0004
25200 .0630 .0089
25800 .0685 .0090
26200 .0745 .0092 .0610 .0004
26800 .0810 .0093
27400 .0870 .0098
27700 .0950 .0122 .0812 .0035
28100 .1034 .0208
27900 .1095 .0358
27700 .1165 .0541 .1018 .0448
28000 .1308 .0861
28100 .1465 .1120
28000 .1555 .1145 .1512 .1042
28100 .1855 .1339
28200 .2100 .1625
29200 .2605 .1321 .2500 .1695
29200 .2830 .1842
30100 .3070 .1882
31300 .3438 .2380 .3245 .2042
38400 Ultimate of thread.
35000 Rupture.
SPECIMEN 3 -1 -
In Shear.
16500 Ultimate

Rupture not definite as failure

wa;s gradual .
Sheared nut and bolt.
Good clean shear.

Remarks

Diameter at root .84"
Diameter of stock 1.0
Diameter of stock

after rupture .961
Diameter at root

after rupture .69

Length from Ext. No. 1
up to end of thread 9.2
Nut fit snug.

Scaled slightly at bottom.

Scaled all over.

D.

Length in shear 2"
Diameter at root ,84
Diameter of stock 1.0
Nut fit snug

Threads near middle of nut.



TABLE. |
T—2— 3 4 2 13

Spec/- Diam-Diam >

3 9
Ratio L/aslit limit

40 / 7/& 19 20 2t 23 2d

men
2N shank o
NN IN In
495 400
496 4/0
505 4/0
494 4/0
m503 400
9-i-D 504 410
10-i-D 500 410
6 Aerage 4996 407/
9 HR 446 410
10 2-t-R 444 410
fl 3-i-R 450 400
12 Aerage 4467 4067
13 1-7D .742 £20
/42-71D 745 620
153-7D 745 620
/647-D 748 .620

47-D
57D
6-i-D
7-i-D
6-i-D

4O PR WN -

eterctat root «
shank ofthread shank atroot ofroot in the in the

U/1/mate
Xnpoundsper

/4 15 '
Ultimate Elastic limit Yield point
inpounds  mpounds tnhpoundsper
in the m the  sg inch m lhe\sg inch'll
ofbolt. ofthreadtoshank shank thread shank ‘tread Ti/aik thread shank Wread shank thread
J256 6525 6850 5300 7800 12900 10470 35550 42250 40500 67/0063300.7740 ---- .8110 9650 3755 55430
0 J320 .6840 7080 5180 7100 5900/0900 8400 56700 39250 36730 44600 5640063600 ZH 6130 26900
2002 1320 .6590 6750 4250 6900 5700 10900 | 8000 33700 32180 34450432005440060600.6300\.8260 .7340 724012575 28100
1916 4320 .6835 :--- 5200 --- 6000 42900 10250 39380 454008 - -- .7940\ 26300
.1986 J256 .6320 69504/50 7100 5600 10900 8000 35000 3305035700 446005490063700.5970,7890.7340 650012060 31540
J994 1320 6620 6400 4450 6800 6000/0900 8000 32/00 33700 34080 45400 5465060600.6960 3830 ',7340 5650.2060 27400
.1964 1320 .6720 7280 5300 7700 6200 /2900 10200 3705040200 39200 469006565077250 .7260,8050.79/0 6200 .25/2 24680
1959 1302 664/ 19040 35020 37/40 3678045020 60700 69500.6926.82681.7670 29200
.1562 4320 .8450 6800 5480 6920 6880 9400 8000* 43500 41500 44300 52/00 6020079300*.8050.99401/ 2 /7 0 * 5340
J550 4320 [8520 6200 5900 6700 6700 9440 7900* 39950 44700 43/50 50700 60650 78300*.95/5 10001095*4640
1591 4256 7885 5800 6600 6900 6900 9500 8100' 3645052600 43350 5490059700 85700*11380 1000
1568 4299 .8285 9450 39970 46270 43600 52570 60250 81100 .964Q.9980JU60 1
432230/6 .6980 9100 4/000 2/100 16800 30150 3650048600565700 08626900
4357 3018 .6925 12400 9650 13100 10700 20600 16300 2850032000 30100 35450 47750 54000 .7760 8/70 1,7840 /72000 928326020
4357 30/8 [6925 9900 10780 21/00 14800 32780 357004640649/00 7020 /0/00 .389425920
4392 3057 .6960/3300 9500 13720 10900 20800 16700 30300 31/00 31230 35700 47400 54600',7/40 .7940 .603012500 .4478 27930

Yieldpoint
otareas inpounds \mpoundsperthreadm m
the]sg_inch

shank W m aldticlimit’

17 5~7740 .620 4299 30/8 6820 iitoo 8580 /250Q 10700 20600 16260 25830 28430 29700 35450 47900.53050.7730 .8560 789013500 .3894 34700
18 AVR7440 620 4345 .3025 .62 16/70 282/0 30890 30/40 35760 46050 53460 .7550 .8223 7750 28690
/9. /7750 .620 4416 30/8 .6830 12900 9600 /3350 12000 2435020000 29230 3/800 30200 39770 55/00 66300 7440 .8990 8225 U700 447826/30

1077M 747 .620
2/ 3-71/4 75/ 620
22 Aerage 7493 620
231-7R .692 .630
242-7TR 707 .630
2537R 702 630
26 Aeae 7003 .630
27 I--D =988 .840
287 ID m990 .840
293-1D WOO 840
30 Average .9927 .840
31 I-I-M .992 840
322-1-M 992 840
333 I-M 993 .840
34 Average 9923 .840
351-1R 923 830
36717 .925 .830
37 3-I-R 930 .830
36 Average9260 ,830

# These bars were drilled out to make this section weaker Drill usedon the

4380 30/8 088542700 9550 12800 9750 20800 17200 29000 3/630 29200 32300 47400 57000 .75/50.76/0 8270 10800 428325250
5428 .30/8 .697542200 9200 /3200/1500 24500 19600 27550 30450 298/0 38/00 5535065000 754.0 8720 .8000 9600 .3831 25050
5408 3018 6897 18930 2859031290 29740 36720 526/0 62770 7498 .6440 .8165 25480
3759 31/6 .8285443501425014500/4450 23400/9730*38/50 45700 3855046400 62300 63900*3940 .99601.1180* 6040 .32/5 24980
3924 3116 7940 14400 U700 14500/4450 23600 18710* 36700 37550 3695046400 60/50 79700' .8120 ,99601.053* 6600 .4946/7400
3869 3116 [606044200/4080 1452044480 23700 18660 36700 45200 37500 465006/2507 m * 3920 3970 BAD- 4946 19380
|385/ 3116 18095 23570 37/80 42820 3767046430 61230 8/000 .9327 .9963 1072 20590
768555397210 266002/500 2820024000 46900 38800 34630 38820 36700 43300 61100 70/00 .8060 .8520 .8280 20000 606733000
7694 ,5539,7190 27000 Z/000 24300 46/00 33500 35/00 37920 43850 59850 69600 .7780 .8360 2/300 .659432300
7850 .5539.7060 Z6800225002820634900 45800 38400 34/50 40600 3590045000 5630069400 .8395 .8825 .8390 16500 5275 31280
7743 553917/53 3857034630 39//0 3630044050 5975069700 8085 .6673 .8343 32/90
7725 5539.7/70 24000/8800 25700 2/250 39300 333003/080 33950 33250 38380 50900 60/50 .7830 8270 .8390 18200\.7749 23500
77255539 7170 26800 2/400 28050 23000 45500 38000 3470038680 363304/600 5890068600.7990 .8200 .8340 20300,7/22 28520
774/ 5539 .7/50 2780020200 28300 2360045300 3820035930 36500 36520 42600 5860068900 .7270,8340 .8440 208003594 3/550
7730 .5539 27/63 36500 33900 36380 35370 40860 56/30 65880.7697[8270 3390 27860
.6670.5420.8125 2250017400 23200 36400 34600*3372022/00 34780 54600 80200*..7730 1.1925*16300 644025300
.6720 .5420 .8060 23400 22/00 23400 23200 3640034600*34820 40700 345305420080200*.9440,9920W 5*20/00 .626032/00
6780 .5420 7990 2300022000 23500 22700 36500 34/40* 3395040600 34630 4/850 5360079200* .9570 .9670 11760* 626022220

5420.8058 36430 34/60 m 00 3475088790 [79867 8913 9795 W70 26540

inch was5, on inch was.199.

o

22
®m | Area

bad m

mthe at5/as\it Yield'at

'.219034380
2.3200



ElI. Lim.
Y. Point
Ultimate
ElI. Lim.
Y. Point
Ultimate
11. Lim.
Y. Point

Ultimate

Rolled
Stock

in Ibc.

per

cg- iIn. 1in

shank
39970
43600
60250

37180
37670
61230

34160
34750
54200

thread
46270
52570
81100

42820
46430
81000

37800
38190
79867

TABLE 11

Die

6.0
22.8

15.5

9.5
18.5

11.3

12.8
21.3
17.8

1/2 Inch Specimen.
Machined Die Cut Increase
Stock Stock percent strength
in Ibc. per in Ibc. per in Ibc. per
cqg- in. 1iIn cqg- In. 1In cg- 1inch
chank thread chank thread Rolled Mach.
35020 37140 15.5
36780 45020 20.5
60100 69500 34.5
3/4 Inch Specimen.
28590 31290 28210 30890 15.2 9.5
29740 36720 30140 35760 23.0 23.3
52610 62770 48050 53460 32.3 19.2
1 Inch Specimen.
33900 36380 34630 39110 10.8 7.2
35370 40860 36300 44050 9.8 15.5
56130 65880 59150 69700 47.2 17.5



Speoimen
172" D
172" R
374" D
374" M
374" R
1" D
1" M
1" R

Actual
stress

on bolt

In pounds
9040
9450
16170
18930
23570
38570
36500

36430

Table

Diameter Circum-
of root ference
of thread of root,
in inches inches
0,4071 1.281
0.4067 1.279
0.62 1.949
0.62 1.949
0.63 1.98
0.84 2.64
0.84 2.64
0.83 2.609

Allowable
shear in
Ibs. per

sq.

inoh.
5840
4890
5740
5100
4120
6440
5570
5300

Thickness
of nut
in
inches.
0.241
0.302
0.289
0.381
0.576
0.454
0.497

0.531
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